Development of the Spanish-language diabetes knowledge questionnaire OBJECTIVE -This study reports the psychometric properties of the 24-item version of the Diabetes Knowledge Questionnaire (DKQ).
A lthough type 2 diabetes is a serious and growing problem in the general U.S. population, affecting nearly 16 million people, it has become a health care crisis among Hispanics and other minority groups (1). Mexican-Americans, the largest Hispanic subgroup, are two to three times as likely to have type 2 diabetes as non-Hispanic whites and are more likely to suffer more serious diabetes complications (2) (3) (4) (5) . Starr County, TX, a predominantly Mexican-American community situated on the border with Mexico, endures high rates of type 2 diabetes. Half of the adult population of Starr County either has diabetes or is closely related to someone with diabetes (4) .
Research has demonstrated that knowledge about medications, diet, exercise, home glucose monitoring, foot care, and treatment modifications is necessary to effectively selfmanage diabetes (6) (7) (8) (9) . Although knowledge alone does not guarantee requisite behavior modifications or effective self-management (10, 11) , the assessment of diabetes-related knowledge is an important first step from which to individualize diabetes education programs and make evaluations of their effectiveness (12) . However, there are few reliable and valid instruments with which to measure outcomes, particularly for individuals who speak a language other than English.
This study reports on psychometric properties of a 24-item version of the Diabetes Knowledge Questionnaire (DKQ-24), derived from the original 60-item version used with Spanish-speaking subjects in the Starr County Diabetes Education Study (1994) (1995) (1996) (1997) (1998) . The DKQ-24 is a relatively easy-to-use measure of general diabetes knowledge (see APPENDIX) . Specifically, reliability, item difficulty and discrimination indexes, and construct validation were assessed.
RESEARCH DESIGN AND METHODS

Setting and sample
The study site, Starr County, TX, one of 14 Texas counties bordering northern Mexico, has been described previously (13) (14) (15) . Of the population residing in this area, 20% is foreign-born (16) . Economically, Starr County is the most impoverished in Texas and one of the poorest in the U.S. In 1990, 55% of individuals Ͼ18 years of age lived below the poverty level (16) .
The sample was recruited as part of The Starr County Diabetes Education Study (13, 14) . The 4-year project (1994-1998) focused on delivery and evaluation of a culturally competent community-based intervention consistent with national standards for diabetes care and designed to improve the health of Mexican-Americans with type 2 diabetes and their families. Participants were joined by support individualsspouses, relatives, or close friends. The intervention consisted of weekly educational sessions for 3 months followed by biweekly support sessions for 6 months, tapering to monthly support sessions for the final 3 months of the intervention. Subjects completed the original 60-item Diabetes
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Knowledge Questionnaire (DKQ) at baseline, 3 and 12 months, and annually thereafter for the length of the project.
A cohort of 502 Starr County residents, consisting of 252 participants and 250 support partners, formed the study sample. Of the supporters, 71 (28%) also had diabetes. Subjects were randomly assigned to the educational intervention (n = 250) or the 1-year wait-listed control group (n = 252) (Fig. 1) .
Participants were 1) 35-70 years of age, 2) diagnosed with type 2 diabetes (determined by either two verifiable testing blood sugar test results of Ն140 mg/dl or taking, or have taken, insulin or hypoglycemic agents for at least 1 year in the past), and 3) willing to participate in a 1-year intervention consisting of educational and support group sessions. The only requirements for support individuals were that they were Ͼ18 years of age and willing to attend intervention sessions. The experimental and control groups did not differ significantly on aspects of age or acculturation.
Original 60-item DKQ The original DKQ is a 60-item instrument developed by Villagomez (17) in association with project investigators (S.A.B., C.L.H.). Items on the instrument, presented both in English and Spanish, were designed to assess overall diabetes knowledge according to content recommendations in the National Standards for Diabetes Patient Education Programs (18). When devising the items, the instruments' authors took into account that the average educational level for Starr County residents was sixth grade and that a large portion of the population was unable to read because of visual impairments or illiteracy. Items were written in simple language to aid translation into the style of Spanish used by this population. Questions were written in a manner that could easily be read aloud to all study participants (17) .
The instrument was first translated using regional native and bilingual speakers and licensed translators and was then backtranslated for accuracy and clarity. To avoid difficulties previously reported with using Likert-type scales with Mexican-Americans (19) , potential response choices for the DKQ were 1) Yes, 2) No, and 3) I don't know. Items were scored as correct or incorrect, and the correct items were summed to attain a total score.
Content validity of the items was established by a panel of experienced nurses and researchers familiar with diabetesrelated issues of Mexican-Americans (17) . Initial reliability of the 60-item DKQ was established in 1989 with 60 MexicanAmericans with type 2 diabetes who resided in Starr County (r = 0.88) (17) .
Procedures
The 60-item DKQ was administered at baseline and after the subjects had completed 12 weekly diabetes education sessions. The DKQ was read to participants in one-to-one interviews in their language of preference, Spanish or English, or a blend common to bilingual speakers along the Texas-Mexico border. Test administrators recorded item responses. Individuals who administered the instrument were bilingual Mexican-American residents of Starr County who were trained specifically on obtaining these knowledge data. Test administration took ϳ30 min. SPSS 9.0 was used for data entry, manipulation, and analysis.
Besides the DKQ, information was collected on age, sex, time since diagnosis with type 2 diabetes, diabetes treatment, and the participants' levels of acculturation or degree of adaptation to the dominant U.S. culture. Acculturation was measured with a fouritem language-based acculturation scale (20) .
Development of the 24-item DKQ
After data collection, project investigators derived a shortened version of the DKQ to ease future participant burden. The 60-item DKQ is lengthy, particularly when used in combination with other instruments. The shortened version was created by evaluating each of the item' s performance at baseline and 3 months later (i.e., after the intensive educational portion of the intervention and just before beginning the support group sessions). Item performance was measured by item discrimination (item-to-total correlation) and item difficulty (percent of respondents answering the item correctly) and was assessed for the total sample and three subgroups-participants with diabetes, support people with diabetes, and nondiabetic support people. Subjects were grouped into these categories, regardless of their membership in experimental or control groups, to assess the consistency of the psychometric properties of the DKQ-24 among subsamples.
As a general rule, items were included in the 24-item version if they maintained item-to-total correlations Ն0.25. However, some items that did not meet this criterion were retained if the items 1) reflected content critical to the intervention, 2) had little variability (i.e., Ͼ90% of the subjects had correct responses) causing a low item-to-total correlation, or 3) demonstrated sensitivity to the intervention in at least one of the diabetic subgroups.
The scores on the 60-and 24-item versions were well correlated (r = 0.85, P Ͻ 0.001). Although all 60 items were administered at all data collection sessions, only data pertaining to the 24 items were used for this article. 
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Statistical analyses
The examination of the reliability of the instrument was limited to 492 subjects for whom complete knowledge data had been obtained at baseline, using Cronbach' s coefficient ␣. Examination of the validity of the instrument was limited to the 410 subjects with complete data at baseline and 3 months. There were no significant differences between those who completed the 3-month follow-up examination (n = 410) and those who did not (n = 82), based on age, sex, or baseline DKQ scores. Absentees were more likely to be nondiabetic supporters.
Construct validation of the DKQ-24 was assessed using an approach known as differentiation between groups (21). Specifically, sensitivity of the DKQ-24 to the intervention was investigated. We had hypothesized that, if the DKQ-24 was a valid instrument, subjects receiving the intervention would score higher on the DKQ than the control group upon completion of the 3-month diabetes education program. To test the hypothesis, experimental and control groups with complete data were compared on the basis of their baseline and 3-month follow-up DKQ scores, using a one-between and one-within-factor repeated-measures design. The between-factor variable was a group with two levels (experimental and control). The within-factor variable was a time, also with two levels (baseline and 3 months). A two-by-two repeatedmeasures analysis of variance was performed.
RESULTS
Demographics
The subjects were predominantly female (70%) with a mean age of 50 years. The average level of language-based acculturation (1.13 on a 0-4 scale, 4 reflecting higher acculturation levels) was low and indicated a strong preference for Spanish language over English. The diabetic participants were older (P Ͻ 0.001) and less acculturated (P = 0.005) than the support people without diabetes. The two diabetic subgroups (participants and supporters) were comparable in length of time since diagnosis. Significantly more of the supporters with diabetes were treated with diet only (P Ͻ 0.001), whereas more participants than supporters were treated with oral agents (P Ͻ 0.01). Approximately 20% of all the diabetic subjects were treated with insulin (Table 1) .
Even though the DKQ was administered in the subjects' preferred language (in English, Spanish, or a combination), those who scored higher on the languagebased acculturation scale also scored higher on the DKQ-24. Those who scored above the median on acculturation scored significantly higher on both the baseline and 3-month follow-up DKQ-24 scores than did those at or below the median.
Internal consistency reliability and item analysis of the DKQ The 60-item DKQ achieved a coefficient ␣ of 0.83 in this sample, indicating reliability; the coefficients for the subgroups ranged from 0.79 to 0.88. The DKQ-24 achieved a coefficient ␣ of 0.78 with coefficients for the subgroups ranging from 0.73 to 0.84 (Table  2) . Because reliability is a function of the length of the test, it was expected that reducing the questionnaire from 60 to 24 items would result in a lower, albeit adequate, reliability coefficient (22) .
Item difficulties ranged from 0.14 to 0.96 with an average difficulty level of 0.57, which is desirable (22) ( Table 2 ). Item discriminations averaged 0.31 for the total sample; averages ranged from 0.27 to 0.37 among the three subgroups.
Construct validation of the DKQ
Experimental and control group scores on the DKQ-24 were compared at baseline and at 3 months using a two-by-two repeatedmeasures analysis of variance to determine construct validation of the instrument. The group-by-time interaction effect was statistically significant [F (degrees of freedom 1,408) = 23.32, P Ͻ 0.001]. To better understand the nature of the interaction, an analysis of simple effects was performed. There were no significant differences between the two groups at baseline [t (408) = 0.90, P = 0.37]. The group differences at the 3-month follow-up, on the other hand, were statistically significant [t (degrees of freedom 408) = 3.68, P Ͻ 0.001] and showed higher diabetes knowledge scores for the experimental group, compared with the control group. Additionally, subjects receiving the intervention significantly improved their knowledge scores from baseline to the 3-month follow-up [t (220) = 8.49, P Ͻ 0.001], whereas the change in the control group was not statistically significant [t (188) = 1.92, P = 0.06] ( Table 3) .
CONCLUSIONS -Knowledge of diabetes self-management is imperative for people with diabetes who need to make effective daily self-care decisions. Clinicians and researchers involved in diabetes self-management programs frequently develop their own knowledge instruments to determine if their efforts have been effective in imparting knowledge. Consequently, there are few reliable and valid instruments appearing in the literature. And in the case of Spanish-language instruments, there are even fewer. 
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The knowledge instrument reported here has been used in Starr County studies since 1992. Past difficulties encountered in administering Likert-type or multiplechoice scales prompted us to develop a more simplified true-false-type scale. Individuals who administered the scale (data collectors) and the literate subjects who read the instrument along with the data collectors were bilingual. Careful scrutiny both of the subjects and data collectors during the data collection process yielded an interesting observation: both groups used a blend of English and Spanish words, moving easily between both languages. Of those who could read, many of them read both the English and Spanish versions to ensure complete understanding of a specific item on the instrument. For example, individuals would be speaking fluidly in Spanish, come to the words "support group," and change to English to verbalize this concept. Because these terms are not frequently used in Spanish, most people were more familiar with the English words. Therefore, we formatted the instrument in both languages, with the Spanish and English version of each item placed together. The question of which language individuals used to answer the questions is neither relevant nor possible to answer. This blend of English and Spanish is a common phenomenon along the border and not thought to be unique to individuals who participated in this project.
The intervention had a small but statistically significant impact on experimental group subjects, compared with control subjects, indicating the instrument is sensitive to change. But, it is interesting to note that these study participants had considerable diabetes self-management knowledge before receiving the educational intervention. People without diabetes had remarkable levels It is also notable that both experimental and control group subjects demonstrated increased knowledge at the 3-month period, compared with baseline levels. Diabetes-related self-management information was transmitted during data collection sessions as a result of our belief that it was unethical to withhold information or to refuse to answer questions from control group subjects. Consequently, it was not surprising that control group subjects also demonstrated increased knowledge at the 3-month measurement period. In this context, then, the increased knowledge of the control group is further evidence of construct validity of the DKQ-24.
The DKQ, both the long and short versions, is a beginning attempt to develop Spanish-language instruments to measure outcomes of diabetes self-management education. Other important outcome variables that need to be considered for future instrument development and testing include health beliefs (work in progress), aspects of psychological adaptation (e.g., depression and anxiety), quality of life, and culturally specific constructs. Current and future work in Starr County will be aimed at contributing Spanish-language psychosocial measures. Further testing of the DKQ is ongoing.
